ABSTRACT. Conservation programs developed and implemented by the
From 1985 to 1992 one million ha of trees were planted under the CRP. Georgia leads the nation in CRP tree planting, with 261,511 ha planted between 1986 and 1992 (Moorhead and Dangerfield, 1996) . Most of the enrolled areas were small, averaging approximately 20 ha per enrollment (Moorhead and Dangerfield, 1996) . Current (2004) CRP acreage in Georgia is approximately half of that which existed in 1992 (125,506 ha), indicating a decline in enrollment (USDA, 2004) .
The overall impact of these conservation programs can be a fairly dramatic change in land-use within many watersheds. This is particularly true for small watersheds that are targeted for water quality improvements through implementation of directed conservation programs. Changes in evapotranspiration and infiltration may occur, resulting in significant hydrologic differences, the extent and impact of which is unknown.
Several publications have indicated that forested areas, because of increased evapotranspiration, consume considerably more water than do similar non-forested areas. Work as early as 1909 indicated that cutting timber within watersheds could lead to significant increases in streamflow (Bates and Henry, 1928; Hibbert, 1966) . A long-term study at the U.S. Forest Service Coweeta Hydrologic Laboratory in North Carolina reported a 65% increase in streamflow when all trees were removed from a 16 ha watershed (Evans and Patric, 1983) . The flow gradually declined toward pre-cutting levels as the hardwood forest re-grew and increased when the forest was again removed 20 years after the initial cutting (Evans and Patric, 1983) . The researchers' observations indicated that treatment primarily impacted baseflow, with little impact on stormflow. While the forest cover did not greatly alter infiltration characteristics, it had a large impact on water stored in the vadose and saturated zones. Grace (2005) reviewed studies conducted in 13 different states in the southern region of the U.S. to evaluate the general impact of forest operations on water quantity and quality. The size of the watersheds reported ranged from 325 ha down to 0.2 ha. In all cases where water quantity data were collected, forest harvest led to increased water yields (Grace, 2005) . Observed increases in water yield ranged from 69 to 210 mm year −1 (Grace, 2005) . Based on a review of 39 worldwide watershed studies, a range in the observed increase in water yield as a response to each percent reduction in forest canopy was reported as falling between an upper limit of 4.5 mm year −1 and a lower limit of 2.3 mm year −1 (Hibbert, 1966) . Trimble et al. (1987) reported a 4% to 21% decline in annual stream discharge due to a 10% to 28% conversion of cropland to forested acreage in ten different watersheds in Alabama, Georgia, and South Carolina. Basin sizes ranged from 2,820 to 19,450 km 2 . The region had experienced dramatic conversion from clean-cultivated row crops to forest and pasture between the period from the early 1900s to 1975. Work in North Carolina showed increases in surface runoff, decreases in evapotranspiration, and an increase in water table elevation as a result of tree harvest within three small (approx. 100 ha each) watersheds (Amatya et al., 1997) . Additional research supports the finding that increases in forested acreage will result in increased watershed evapotranspiration and decreased watershed runoff (Bosch and Hewlett, 1982; Lull and Reinhart, 1967; Swank et al., 1988) . Lowrance and Leonard (1988) reported an increase in streamflow in a 2210 ha watershed from clear-cutting 240 ha of riparian forest near the watershed outlet. During the two years following the cutting, streamflow was 66% of the annual precipitation compared to 32% in other years (Sheridan, 1997) . Further research conducted by Sheridan (1997) indicated that the percent riparian forest coverage in several watersheds in south-central Georgia was significantly correlated to watershed streamflow.
These studies indicate that if significant areas are converted to forest due to conservation programs, streamflow could decrease due to increased evapotranspiration. This research examines the overall impact of conservation programs within a Coastal Plain watershed in terms of changes in land-use and subsequent changes in streamflow that may or may not have resulted from these changes in land-use. Specifically, the objectives of the research were:
S Quantify historical changes in land-use in the Little River experimental watershed. S Compare the observed changes in land-use to observed hydrologic flow characteristics.
METHODS
Land-use, precipitation, and streamflow data were used to examine the long-term impacts of land conversion on a Coastal Plain watershed. Observed climatic and hydrologic data from the Little River experimental watershed (LREW) in Tifton, Georgia (Sheridan et al., 1982; Sheridan, 1997) were used for the analysis. 
WATERSHED DESCRIPTION
The 334 km 2 LREW is located in the headwaters of the Suwannee River basin, a major interstate basin that begins in Georgia and empties into the Gulf of Mexico in northwest Florida. The USDA-ARS Southeast Watershed Research Laboratory has collected hydrologic and water quality data from the LREW for over 35 years. The watershed is instrumented to measure rainfall and streamflow within the main watershed, Little River B (LRB), as well as within seven subwatersheds (LRM, LRK, LRJ, LRI, LRF, LRN, and LRO) that range from 3 to 115 km 2 ( fig. 1, table 1 ). For this analysis, data from LRM and LRN were not used because of the shorter period of record from these watersheds. The period of record for LRO was from 1968 to 1981 and from 1993 to 2004. Data collection in LRO was discontinued from 1982 to 1992. The data records from the other watersheds were continuous.
General land-use within the LREW is a mixture of row crop agriculture, pasture and forage, upland forest, and riparian forest. Subwatersheds range from approximately 25% to 60% row crops (Sheridan, 1997) . Rainfall in the region is poorly distributed and often occurs as short-duration, high-intensity convective thunderstorms (Bosch et al., 1999) .
LAND-USE DATA
Satellite images were used to assess distinguishable changes in land-use over a period overlapping flow and precipitation observations. Multiple images collected by LandSat (Land Remote Sensing Satellite) satellites were used for classification. The LandSat program, which began with the launch of LandSat1 in 1972, was designed to gather information about land surface features of the planet. Six LandSat images, spanning a 28-year period, acquired over the LREW were used (table 2). Satellite acquisitions collected during summer months for the years 1975, 1980, 1985, 1990, 1995, and 2003 were selected. Summer months were chosen to provide maximum distinction between vegetation types, particularly row crop, riparian, and upland forest areas. Data were acquired from LandSat2 (1975 and 1980 ), LandSat5 (1985 , 1990 , and 1995 ), and LandSat7 (2003 . Spectral ranges utilized in this study include the visible and near-infrared, with a spatial resolution from 30 to 80 m. A complete description of the specifications for each acquisition is provided in table 2.
Each satellite image was georeferenced to 1999 digital orthoquadrangles using ERDAS Imagine (Leica Geosystems, Heerbrugg, Switzerland). The LREW coverage area was extracted from each satellite scene and entered into an unsupervised classification for uniformity. The classification utilized 8-bit digital values calibrated for sensor gains and offsets only. The unsupervised classification assigns pixels to a specified number of classes based on an iterative self-organizing data analysis technique (ISODATA) (Tou and Gonzalez, 1974) . The ISODATA procedure groups pixels based on a minimum Euclidean distance between a pixel value and the class mean on each iteration of the procedure until a specified convergence factor or maximum number of iterations has been reached (Fridgen et al., 2004) . In this study, the ISODATA algorithm specified 45 classes, a maximum of 90 iterations, and a convergence of 0.98.
Unsupervised classification data were assigned class names corresponding to the following land cover categories: riparian forest, upland forest, lakes / open water, urban, general agriculture, fallow, and pasture. General agriculture included row crops, vegetables, and in some cases fallow fields with heavy weed cover. Urban areas included any recognized residential and industrial structures, which for this watershed typically consisted of single rural homesteads less than 15 ha in size and small (<50 ha) residential areas.
Because of the visual similarities between row crop fields and fallow fields in the months of June, July, and August, it was difficult to separate the two. For this reason, the fallow and general agriculture classifications were also combined into a total tilled classification. In addition, upland forest and riparian forest categories were combined into a total forest classification.
Because errors are inherent to the classification procedure, an accuracy assessment was conducted in ERDAS Imagine. Typical classification errors include: (1) lack of distinct spectral signatures that make classes more easily separable, (2) number of assigned classes, (3) assignment error (manual errors), and (4) edge effects as a function of spatial resolution. An accuracy assessment for each land-use map was completed using historic land cover data from field surveys collected from 1980 to 2003 and recently acquired global positioning satellite (GPS) coordinates for existing riparian and upland forests. A reference map consisting of 75 randomly distributed points was compared to the classified land-use map. The comparison was used to create an error matrix describing the overall accuracy of the classification, percentage errors of commission, and percentage errors of omission. Errors of omission were identified as unaccounted-for reference pixels for a specific class. These pixels were assigned to other classes incorrectly (errors of commission). Within each class, the average accuracy of the classification across years was also provided. Approximately 7% of the total watershed area was included in the accuracy assessment each year.
HYDROLOGIC RECORD
Streamflow and precipitation data collected from 1969 through 2004 were examined. Precipitation measurements were collected with a network of recording raingauges located within and surrounding the LREW ( fig. 1 ). Precipitation data collected from the raingauges within and immediately surrounding each watershed were used to calculate an area-weighted daily precipitation (Sheridan et al., 1994) . Streamflow measurements were collected from control structures located at the outlet of LRB and each subwatershed outlet ( fig. 1 ). Flow depth measurements were collected at horizontal, broad-crested weirs with V-notch center sections constructed at watershed outlets, and flow rates were calculated using stage-discharge ratings developed for each structure (Sheridan et al., 1994) . Flow volumes and rainfall depths were calculated on a per unit area basis using the watershed drainage areas. Additional details on the streamflow and precipitation data are available (Bosch et al., 1999; Sheridan et al., 2002) . [b] Total tilled area includes both fallow and general agriculture. [c] Total forest area includes both upland and riparian forest.
RESULTS

LAND-USE DATA
Results of the LandSat image classification for LRB are shown in table 3. As shown in the classified image from 20 July 2003, areas along the stream channels were classified as riparian forest, while upland areas were classified as general agriculture, pasture, and upland forest ( fig. 2 ). The assessment determined that the average annual classification accuracy ranged from 82% to 91% (table 4) . Results of the accuracy assessment indicate that classification of the upland forest, riparian forest, general agriculture, pasture, and water classes had the greatest overall accuracy, approaching 90% (table 4) . This exceeds generally acceptable standards for Anderson Level I classification accuracy of 80% (Goetz et al., 2003) . A second method of assessing the overall accuracy of the classification is the kappa coefficient (Congalton, [a] No reference fields randomly selected. [b] Total tilled area includes both fallow and general agriculture. [c] Total forest area includes both upland and riparian forest. 1991). The kappa coefficient is a measure of the error associated with the classification algorithm compared to the expected error associated with a completely random classification. Kappa coefficients ranged from 0.81 for the 1975 image to 0.90 for the 2003 image, suggesting that the classification results reduced classification errors by 81% to 90%.
The accuracy of the 1995 assessment was decreased by a somewhat poor assessment of the urban, fallow, and riparian acreage. The greatest errors were observed in the classification of the urban and fallow areas. In general, the smaller the proportion of the land-use across the watershed, the fewer the number of points in that land-use used for the accuracy assessment. Thus, for minor land-use categories, the percent error can be large even though only a few fields are incorrectly classified. This caused the accuracy of the classification for urban areas to be lower (table 4) . For this watershed, the areas classified as urban were dominated by single-family farmsteads. While these areas can be hydraulically important because of structures and other impervious areas, they represent a relatively small percentage of the total watershed area (table 3) . On a per unit area basis, it is more critical to accurately represent forested and general agriculture areas. Accuracy for the total forest class was greater than 82% for each image, while it was greater than 93% for the general agriculture class for the images after 1980 ( fig. 3 ). Most of the year-to-year variations in total forest and total tilled area were less than the observed errors of the image classification (table 4). The average error in the classification of the total forest for the six images was 11%. Thus, the significance of many of the changes may be questionable because of the relatively large error. The exception to this occurred between 1980 and 1985 when the total tilled area increased by 16% and the total forested area decreased by 15%. The accuracy of the image classification obtained for the 1985 image was 95% for the total tilled area and 96% for the total forest area. With the reduced error and the large changes observed in the land-use, the shift between forested acreage and tilled acreage was evident ( fig. 3) . Between 1985 and 2003, forested acreage and tilled acreage went back to levels observed in 1975.
Similar trends were observed in the subwatersheds ( fig. 4 ). In general, the subwatersheds in the northern portion of the 1975 1980 1985 1990 1995 2003 1975 1980 1985 1990 1995 2003 1975 1980 1985 1990 1995 2003 1975 1980 1985 1990 1995 2003 1975 1980 1985 1990 1995 2003 LREW have a greater percentage of forest acreage. The 28-year average of total forest cover was 57% for LRJ and 58% for LRK, whereas it was 48% for LRO. Minor increases in total forest acreage were classified for both LRJ (6%) and LRK (7%). Total tilled acreage, fallow and general agriculture combined, remained virtually unchanged in both LRJ (−3%) and LRK (+1%). The greatest change in tilled acreage was observed in LRO, where a 6% increase was determined. Tilled and forest acreage trends in the subwatersheds were similar to those observed in LRB. Decreases in forest acreage were observed in 1985, accompanied by an increase in tilled acreage. Decreases in the fallow acreage were observed in all of the watersheds. However, it was difficult to distinguish between fallow acreage and row crops during the early summer months.
OBSERVED HYDROLOGIC AND CLIMATIC DATA
Over the 33-year observation period, the average annual weighted precipitation for LRB was 1215 mm with a coefficient of variation (CV) of 13.6% (table 5). The average area-weighted flow for the same period was 334 mm with a CV of 44.5%, and the average ratio of the annual flow to the annual precipitation was 0.27 with a CV of 36.4%. The flow exhibited a greater degree of variability than the precipitation. As noted by Sheridan (1997) , seasonal variation in precipitation has a large impact on flow. In this region, evapotranspiration from May through October can be a major portion of the hydrologic budget. Precipitation received during the winter months when evapotranspiration is low generates a large percentage of streamflow, whereas precipitation received during summer months generates little to no streamflow ( fig. 5 ). Average annual precipitation ranged from a high of 1242 mm observed in LRJ to a low of 1196 observed in LRO (table 5). The lower precipitation average for LRO was influenced by the shorter period of record and by the period of record containing the 1999 to 2003 drought. Above-average precipitation years generally yield above-average streamflow, while years with below-average precipitation yield less streamflow ( fig. 6 ). Above-average flow conditions were observed in the early 1990s, while below-average flow conditions were observed in the late 1990s and the early 2000s ( fig. 6 ). The high flow conditions of the early 1990s coincided with years of above-average rainfall, while the low flow conditions observed from 1999 to 2003 corresponded to a drought during that period.
There is some indication that both the annual precipitation and the annual flow for LRB have decreased over time ( fig. 6 ). The average precipitation has decreased from the 1247 mm reported by Sheridan (1997) [b] Correlation coefficient of the linear regression.
[c] Probability of the significance of the linear regression; values less than 0.05 indicate significant linear correlation (α = 0.05). [d] Values followed by the same letter within a column are not significantly different at α < 0.05 using the analysis of covariance test.
2004. This decrease may have been heavily influenced by the 1999 to 2003 drought. A linear regression conducted using the annual data indicate that precipitation is decreasing more rapidly than flow. However, correlation coefficients for the linear regressions were low (r 2 < 0.11), and the linear decreases were not statistically significant (a = 0.05) for any of the examined watersheds (table 6) .
The observed annual ratio of the measured annual streamflow to the watershed-weighted annual precipitation for LRB varied from 0.06 (1981) to 0.41 (1998) (fig. 7) . The average ratio for LRB was 0.27. As was found with the precipitation and the flow, over the 34-year observation period there has been no statistically discernable temporal trend in the ratio of the annual flow to the annual precipitation for LRB (a = 0.05). Likewise, no statistically significant temporal trends in the ratios for the subwatersheds were found.
A significant correlation (a = 0.01) was found between annual precipitation and streamflow for each examined watershed (table 6). The slopes for the linear regressions were found to vary from 0.62 for LRO to 0.90 for LRJ (table 6) . For LRB, linear regression using annual precipitation to predict annual flow accounts for 61% of the variability in annual flow. However, examination of the annual flow data as a function of precipitation for LRB indicates that there are several years where the data did not follow the typical trends ( fig. 8) . Within the LREW, the most significant precipitation occurs in the months from December through March and the months from June through August, while the most significant streamflow occurs during the months from December through April (fig. 5 ). The data points that fall below the typical trend line tend to be years with low winter rainfall, while points that fall above the typical trend line tend to be years with high winter rainfall.
Seasonal timing of precipitation is an important factor in determining annual flow from the watershed. Summer rainfall does not generally have a large impact on annual streamflow. When greater precipitation is received in January through April, greater annual flow can be expected. Multiple linear regression including the precipitation from the previous year December through the current year March along with the annual precipitation to predict annual flow depth accounts for 76% of the variability in the annual flow versus the 61% accounted for with the annual precipitation alone. The watersheds that received greater annual precipitation (LRJ, LRK, LRF) also received greater winter rainfall. Thus, the ratio of streamflow to precipitation on these watersheds was greater (table 5). Sheridan (1997) evaluated a threshold rainfall, a value indicative of the annual watershed evapotranspiration requirements that must be satisfied before significant streamflow is produced. These values are equivalent to the intercept divided by the slope of the linear regression between annual precipitation and annual flow for any given watershed. The threshold rainfalls found for this study varied from 642 mm for LRO to 789 mm for LRJ (table 6) . These values are similar to those reported by Sheridan (1997) for the period from 1972 to 1992.
LAND-USE RELATIONSHIPS
There is no indication from the flow data that there have been statistically significant long-term temporal changes in the observed flow characteristics over time for any of the studied watersheds (a = 0.05). From 1980 to 1985, there was a 22% increase in the classified general agricultural area in LRB (table 3) . In LRB, there was a 20% decrease in the general agriculture acreage between 1985 and 1990, followed by an 11% increase from 1990 to 1995. The classification accuracies obtained for the general agriculture class for the 1985, 1990 , and 1995 images were greater than 93% (table 3) . During these periods, there was no discernable change in the flow characteristics ( fig. 6 ) or the ratio of flow to precipitation ( fig. 7) . Both the flow rate and the ratio appeared to be responding primarily to changes in annual and seasonal rainfall. Based on the techniques presented here, changes in other land-use categories (water, pasture, forest, and urban) were insignificant over the 28-year period (table 3) . Based on examined trends in the flow data, these changes did not significantly affect streamflow volumes. The same was true for the LREW subwatersheds.
The impact that changes in land-use have on flow could not be separated from the precipitation effects. The estimation of the year-to-year annual flow rates within LRB was not significantly improved by including land-use information in the linear regression prediction along with the annual precipitation. Minor land-use changes that have occurred since 1970 in these watersheds do not appear to have significantly impacted flow. Our inability to relate changes in flow to changes in land-use is due to a large variability in annual rainfall and subsequently large variations in streamflow. Research by Bosch and Hewlett (1982) indicated that small changes in forest area do not affect runoff, suggesting that cover changes less than 20% of the total forest area in the watershed did not measurably impact streamflow. Their review of data from 94 experimental watersheds indicated that typical hydrologic methods could not measure changes in streamflow resulting from changes in total forest area less than 20% (Bosch and Hewlett, 1982) . Thus, greater changes in the forest area in the LREW would have to occur before these changes could be detected in the classification methods used here and before these changes would measurably affect streamflow.
WATERSHED DIFFERENCES AND RELATIONSHIP TO LAND-USE
If a change in the hydrologic response of the watershed is to be expected from a greater coverage in forest, then a hydrologic difference would be expected for subwatersheds with similar soils and topography that have a greater percent coverage in forest area. The northern most gauged areas of the LREW (LRJ, LRK, and LRI) have a greater percentage of forest acreage than the remaining area downstream to the outlet ( fig. 4) . Watershed LRO, in the southern portion of LREW, is similar in size to LRJ and LRK (table 1). The classified percent total forest in both watersheds LRJ and LRK varied from 65% in 1980 to 57% in 2003 (fig. 3 ). During the same period, the classified percent total forest in LRO varied from 56% to 45%, while in LRB it varied from 56% to 50% (fig. 4) .
The area-weighted annual flow from watersheds LRJ, LRK, and LRO over the period from 1969 to 2004 is illustrated in figure 9 . As illustrated by the figure, annual flow from LRO is typically less than that from watershed LRJ or LRK. This is reflected in the long-term average flow rates from these watersheds and the ratio of annual flow to annual precipitation (table 5 ). An examination of the linear relation− ship between precipitation and flow indicates a difference between the flow responses observed from these watersheds (table 5, fig. 10 ). LRK and LRJ yield more streamflow than LRO when the annual precipitation total is large. A comparison among the linear relationships between precipitation and flow for all of the subwatersheds was made using the analysis of covariance technique (Ott, 1984) . This method tests for statistical differences between the slopes and intercepts of the regression lines. The only statistical difference detected was between the relationships found for LRJ and LRO (a = 0.05) (table 6). The regression equation for LRK was not significantly different from that observed for either LRJ or LRO (a = 0.05).
Greater area-weighted annual flow and flow as a fraction of the annual precipitation were observed for the northernmost watersheds, LRJ and LRK, than for the southernmost watershed, LRO (table 5) . Annual precipitation rates within LRJ and LRK were greater than in LRO, leading to greater flow expectations. However, the smaller flow to precipitation ratio observed for LRO indicates that other factors affect streamflow response in addition to the reduced precipitation. Prior research indicates that forested watersheds would have higher evapotranspiration rates than non-forested watersheds and subsequently less streamflow (Evans and Patric, 1983; Trimble et al., 1987; Amatya et al., 1997) . Based on their results, LRJ and LRK would be expected to yield less flow than LRO given the same precipitation. However, LRO was found to yield less streamflow as a function of precipitation than either LRJ or LRK (table 5). The channel slope in LRJ is 0.25%, while it is 0.37% in LRO. Most of the characteristics of LRO (greater channel slope, lower length to width ratio, and higher drainage density) would generally be expected to lead to a more rapid stormflow response. Prior research indicates that watersheds with greater channel slopes have greater peak flows (Sheridan et al., 2002) . This would lead to the expectation of greater flows in LRO than in LRJ or LRK. Thus, there appear to be other factors influencing the observed flow differences between these watersheds. For the period from 2001 to 2004, area-weighted flows from LRO exceeded those observed from either LRJ or LRK ( fig. 9 ). It is not clear whether this is the beginning of a long-term trend or a temporary phenomenon. Additional data are necessary to better evaluate the long-term trends and relationships.
DISCUSSION
Data collected by the USDA National Agricultural Statistics Service (NASS, 2004) indicate an increase in cotton and peanut acreage (the two primary crops in the watershed) within the basin between 1970 and 2000. The NASS data indicate that the cotton and peanut acreage in three counties (Tift, Turner, and Worth) in which the LREW lies has changed considerably over the last 30 years (NASS, 2004) . The total acreage for the counties is 68,650 ha for Tift, 74,080 ha for Turner, and 148,822 ha for Worth. In 1970, the cotton acreage in all three counties was approximately 8,583 ha. This decreased to 2,413 ha in 1980 and increased to 41,174 ha in 1995. The greatest increase was within Worth County, which lies on the western edge of the watershed. This dramatic change in cotton acreage was largely due to a boll weevil infestation and the subsequent eradication program. Since 1995, cotton acreage has been fairly stable. The combined peanut acreage in these three counties was approximately 24,777 ha in 1970, 24,666 ha in 1980, and 30,996 ha in 1995. The combined peanut and cotton acreage changed from 33,360 ha in 1970, to 27,079 ha in 1980, and to 72,170 ha in 1995. These results support the increase in general agriculture observed from the LandSat images collected between 1980 and 1995 and a decrease in fallow acreage. The results of the image classification indicate that these increases did not result in a detectable net loss of forest acreage. Any gains in forest acreage obtained through conservation programs may have been offset by losses in forested areas that were converted to general agriculture. Changes in land-use appear to have been driven by economic forces rather than by conservation programs.
Despite the apparent implementation of conservation programs throughout the area, it does not appear that changes in land-use within the LREW are large enough to be detected using current image classification methods. Given the accuracy that can be obtained through the land-use classification of the satellite data, the land-use changes must be fairly large (>10%) before they will be detected with current techniques. Prior research on this watershed (Sheridan, 1997) has indicated that forested riparian buffers within LREW have the greatest impact on hydrology. Removal of the near-stream riparian forest has been shown to substantially increase flow from these watersheds (Lowrance and Leonard, 1988) . Increasing forested coverage along the riparian buffers would be expected to have a greater impact on watershed yield than would increases in upland forest coverage area. Thus, it would be critical to distinguish between riparian forest areas and upland forest areas in land-use assessments.
CONCLUSIONS
An insignificant (1%) decrease in the total acreage classified as forest (riparian and upland forest combined) was observed in LRB during the period from 1975 to 2003 . Between 1985 and 2003 , when the effects of the CRP program would be expected to appear, an insignificant increase (3%) in forested acreage was observed. A 12% decrease in fallow, a 7% increase in general agriculture, and a 5% increase in pasture acreage were also observed ( fig. 2) . Similar changes were observed in the subwatersheds of the Little River. The greatest change observed was a spike in the tilled acreage around 1985, coinciding with the re-introduction of cotton in the region. Forest acreage decreased substantially during that same period ( fig. 3) .
Overall, a statistically significant change in forest acreage was not detected. This may be due to an inability to achieve classification errors of less than 10%, but the classification errors obtained in this study are typical of errors observed using satellite imagery (Goetz et al., 2003) . A net loss in general agriculture would be expected if significant land areas were converted over time due to CRP. A fairly large decrease in fallow acreage (12% in LRB over the 28-year period) was observed. This may indicate that marginal lands, which were previously not in production, were converted into other land covers such as pasture and forest, possibly as a result of implementation of federal conservation programs. However, from this analysis, it does not appear that CRP has dramatically impacted land-use acreage within this watershed.
Over the 33-year hydrologic observation period, there has been no statistically significant temporal trend in the ratio of the annual flow to the annual precipitation for this watershed ( fig. 7) . The long-term average annual ratio has remained stable at approximately 0.27 for LRB. Year-to-year fluctuations due to variations in precipitation are large. There is no indication from the observed annual flow data that land-use changes implemented within LRB have significantly impacted the streamflow. Annual and seasonal precipitation amount and timing have the greatest overall impact on streamflow.
Comparison of subwatersheds within LREW indicates hydrologic differences that appear to be related to land-use and physical characteristics of these watersheds. Flow as a response to rainfall relationships was found to be statistically different between subwatershed LRO and similar watersheds in the northern portion of LREW that have approximately 61% forested coverage. LRO lies in the southern portion of LREW and has approximately 53% forest coverage. LRO produces less streamflow as a response to rainfall than either LRJ or LRK in the northern portion of the watershed. The proportion of precipitation that flows from LRO is 28%, while it is 30% for LRK and 32% for LRJ. It appears that these differences are related to differences in seasonal rainfall rates, land-use, and physical characteristics of the watersheds. Further research is necessary to better quantify these relationships.
